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(54) Sealed, nozzle-mix burners for sliica deposition 

(57) Burners (40) fbr producing fused silica boules 
are provided. The burners enploy a tube-in-tut)e (301- 
306) design with fiats (56, 50) on some of the tubes 
(305, 301) being used to limit the cross-sectional area of 
certain passages (206, 202) within the burner and/or to 
atomize a silicon-containing, liquid source material, 
such as OMCTS. To avoid the possitMTity of flashback, 
the burner has separate passages fbr fuel (205) and 
oxygen (204, 206). i.e.. the burner employs nozzle mix- 
ing, rather than premixing, of the fuel and oxygen. The 
burners are installed in burner holes (26) formed in the 
crown (20) off a furnace and form a seal with those holes 
so that ambient air cannot be entrained into the furnace 
through the holes. An extemal air cooled jacket (60) can 
be used to hold the tenrperature of the burner below a 
prescra>ed upper limit e.g., 4O0''C. 
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Description 

u s GOVERNMENT RIGHTS 

5 [0001] The government of the United States of America has rights In this invention pursuant to Sut>contract No. 
B2991 43 awarded by the Regent of the University of California under prime contract No. W-7405-ENG-48 awarded by 
the U.S. Department of Energy. 

RgmOFTHE INVENTION 

10 

[0002] This Invention relates to fused silica glass and. in particular, to bumers for producing silica soot from which 
such glass can be made. As used herein, the term "silica glass" includes glass which is pure or tmy contain one or 
more dopants, as does the term 'silica sooT . 

15 BACKGROUND QF THE INVENTION 

[0003] An effective method for making fused silica glass comprises tiie steps of: (1) generating silica soot particles 
using soot producing burners, and (2) collecting and consolidating the particles on a rotating substrate to fonn a glass 
"boule". Such boules can have diameters on the Older of five feet (1 .5 meters) and thicknesses on the order of 5-10 
20 inches (13-25 cm). The process is typically carried out in a furnace wNch has a rotalaUe base, an outer ring wall, and 
a crown which carries the soot produdng bumers. 

[0004] Rgure 1 shows the front lace 8 of a soot producing bumer 7 which has been used in the past to produce fused 
silica boules. This burner has five zones or regions 1 0, 1 2. 1 4. 1 6, and 1 8 through which gases of different compositions 
pass ID (1) supply the raw material(s) from which the soot particles are produced, and (2) generate a flame of suitable 
2s size and temperature to (a) convert tiie raw materiaKs) into soot particles and (b) generate sufficient heat to consolklate 
the particles as they are collected at the surface of the boule. 

[0005] For the burner of Figure 1 . region 10 is referred to as the *1ume tube" and canies, for example, a mixture of 
nitrogen gas arrd a vaporized silicon-containing compound, regions 12 and 18 are known as tine inner and outer shiekls, 
respectively, and carry oxygen, and regions 1 4 and 1 6 are referred to as tiie "premix rings" and canry a mixture of fuel 

30 (e.g., mettiane) and oxygen. The diameter of outer shield 18 is typically about 1.1 inches (2.8 cm), while the overall 
dimensions of front face 8 are typk;ally about 3.4 inches by 3.4 inches (8.5 cm by 8.5 cm). 
[0006] Historically, tiie vaporized silicon-containing compound supplied to fume tube 10 was silicon tetrachloride or a 
mixture of silicon tetrachloride and chlorides of other materials. e.g.. titanium tetrachloride, when a doped glass was 
desired. As a result of environmental concerns, silicon tetrachloride has now been replaced with halide-free, silicon- 

36 containing conpounds. of whidi octametiiylcyclotetrasiloxane (OMCTS) is a particularly preferred example since in 
additfon to providing silicon, it is also provides energy for tiie burner's flame. In the same manner, organometallic com- 
pounds have been substituted for chloride compounds in the production of doped glasses. 

[0007] Rgure 2 shows tiie manner in which burners of tiie type shown in Rgure 1 have been positioned relative to tiie 
furnace's crown 20. Witii regard to the present invention, it is significant to note that bumer 7 is spaced from the outer 

40 face 22 of tiie crown (the "cold** fece of tiie crown) by gap 24. This gap, which in practice is about a quarter inch in 
height, allows air to be inspirated into the furnace so as to cool bumer hole 26 and prevent soot buildup on tiie walls of 
the hole. The entrained air also ensures that complete combustion of tiie fuel occurs In bumer flame 38. 
[0008] In addition to illustrating tiie spatial relationship between burner 7 and aown 2. Figure 2 also shows the con- 
nection of feed lines 28, 30, and 32 to tiie burner, as well as lines 34 and 36 which canry coding water to and from the 

46 burner. 

[0009] Atthough burners and burner/crown configurations of the type shown in Figures 1 and 2 have worked success- 
fully in practice, they have had some drawbacks. In particular these bumers have suffered from the following problems: 

(1) Mqintgnapcg Prqkfim 

60 Because of their relatively large frontal areas exposed to furnace conditions, tiie previously used burners tend 

to collect deposits on burner face 8 which must be removed to avoid variations in the burner's flame characteristics 
and/br the soot produced by the bumer. In particular, large frontal areas mato a bumer subject to redrcidation 
effects whereby soot which is not deposited on tiie boule recirculates back and fouls the face of the burner. 

(2) Waty CoQlinq Prpt^lonri 

55 The large frontal areas of the previously used burners also result in substantial heat transfer from the hot fur- 

nace to the burner, tiius requiring water cooling of the burners. This is espedally so in view of tiie fact tiiat the burn- 
ers are made out of aluminum (It shouM be noted tiiat the heat transfer occurs both through burner hole 26 and 
through tiie crown material itself since the crown is desirably made as thin as possible.) The need for water cooling 
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makes the burners more complex to build and operata 
Furnace Atmosphere Control Problem 

The in^'ration of air through the burner holes in the crown makes rt more dffffcuft to control the corrposition of 
the atmosphere within the furnaca Variations in the fumace atmosphere can result in variations in the properties 
(ag.. hydrogen content) of the glass boules produced by a fumace, both between different parts of a single boule 
and between different boules. 
(4) gpiisstons Pfphletn 

The inspiration of air through the bumer holes can also result in elevated levels of NOx in the exhaust gases 
exiting the fumace since N2 is the major constituent of the inspirated air and fumace temperatures are high enough 
for NOx production, ag.. above 1600''C. 
(9 Energy Constimptjon Problem 

Inspiration of ambient air through the bumer holes leads to an increase in the amount of energy which must t>e 
inputted to the furnace to keep it at its operating temperature. 
(6) Potential Safety Problem 

The feeding of a premix of fuel and oxygen to regions 14 and 16 makes these regions and the feed lines lead- 
ing thereto susceptible to flame f lasht>ack 

[001 0] As discussed below, the burners of the present invention address and provide solutions to each of these prob- 
lems. 

DESCpiPTiON OF THE PRIOR AFTT 

[001 1] The use of halide-free, silkx>n-containing compounds to form fused silica glasses by soot deposition is dis- 
cussed in Dobbins et al., U.S. Patent Na 5.043,002, and Blackwell et al., ua Patent Na 5.152,819. The incorporation 
of a dopant ^)ecifical!y, titanium, in such glasses is discussed in Blackwell et al., US. Patent No. 5.154,744. The con- 
tents of these prior patents are incorporated herein t>y reference. 

[0012] PCT Patent Publication Na WO 97^2553, published on June 26, 1997. disck)ses soot producing bumers 
which can be used with halide-free, silicon-containing compounds such as octamethylcyclotetrasiloxane (OMCTS). The 
hafide-frea silicon-containing compound is preferably provided to the bumer as a liquid, atomized in the bumer by an 
integral atomizer, and tiien directly converted into soot particles by the burner's flame. See also pending U.S. applica- 
tions numbers 08/767.653 and 08/903.501, filed December 17. 1996 and July 30. 1997. respectively, the contents of 
botii of which are incorporated herein by reference. 

[0013] Miller et al.. U.S. Patent No. 5,1 10,335 discloses a bumer for producing soot from silicon tetrachloride which 
includes an ultrasonic nozzle which when operated at a frequency of 120 kilohertz converts liquki silicon tetrachloride 
into a fine mist 

[001 4] Brown et al., U.S. Patent No. 5.092.760 discloses an oxygen/fuel burner which atomizes liquid fuel by means 
of an integral atomizer. Brown et al., US. Patents Nos. 5.405.082 and 5.560.758. disclose oxygenAfuel bumers for use 
in glass conditioning. These burners employ a tube-in-tube construction and. during use. are sealed to the wall of a 
glass distribution channel. Brown et al., U.S. Patent No. 4.986.748 discloses a further construction fbr an Qxygen/fiiel 
burner. Significantiy, with regard to the present invention, the burners of tiiese various Brown et al. patents are con- 
cerned with heat production, not with the production of silica soot. Among other things, such heat producing tnimers do 
not have to be concemed with soot build-up on the burner face or wrtii the adverse effects of the tjumer's internal oper- 
ating temperature on the heat-sensitive raw material(s) used to produce silica soot 

SUMMARY OF TH^ INVENTION 

[001 5] In view of the foregoing, it is an object of the present irivention to provide inproved bumers fbr producing silica 
soot More particulariy. it is an object of the inverttion to provide improved burners which overcome some artd preferat)ly 
all of the above prdtdems of previously used soot producing burnm. 

[001 6] The invention achieves these and other objects by providing soot producing bumers and furnaces employing 
such bumers which have some or cdl of the following properties: 

(1) The burner uses a tube-in-tube design so as to reduce tiie frontal area of tiie bumer and thus minimize tiie soot 
build-up problem. For example, the frontal area of a burner constructed in accordance with the invention can be 
atx3ut 0.32 square inches (2.1 square centimeters) whereas burners of the type shown in Figures 1 and 2 had fron- 
tal areas of about 1 .8 square inches (1 1 .4 square centimeters). 

The tube-in-tut)e design produces a plurality of passages fbr carrying liquid and/or gaseous materials, namely, 
a first passage constituting the bore of the innermost (first) tube, a second passage defined by the outer surface of 
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the first tube and the inner surface of the next innernrost (second) tube (the first pair of tubes), a third passage 
defined by the outer surface of the second tube and the inner surftice of the third tube (the second pair of tubes), 
and 80 on. In this way. "n" tUbes d^ine "n" passages. 

Not all passages need extend throughout the entire length of the burner. For example, as discussed below, the 
5 first tubB may end prior to the face of the burner, whereupon the contents of the first passage merge with the con- 
tents of the second passage. The innermost passage at the face of the burner is then defined by the inner surface 
of the second tube, rather than the Inner surface of the first tuba 

(2) To provide a focused, relatively unifbrm flow pattern, one or more of the passages produced tyy the tube^n-tube 
10 design can include fiats in. for example, the vicinity of the burner's face which serve to guide the flow of gas out of 
the bumer. These flats can be oriented at an angle with respect to the burner's face. e.g.. at an angle of approxi- 
mately 75 degrees with respect to the bumer's axis (see Rgure 4). The flats are preferably formed on the outer sur- 
face of the inner tube of the pair of tubes which defines the passage. AHematively, although less prefenred for 
manufacturing reasons, the flats can be formed on the inner surface of the outer tube of the pair of tubes which 
IS defines the passaga It should be noted that in either case, sizing the tubes so that they make contact at the comers 
of the fiats in the case of flats on the inner tube or at the centers of flats In the case of flats on the outer tube results 
in a passage of limited cross-sectional area. This contacting also aids in centering the inner tube within the bore of 
the outer tuba 

20 (3) Flats can also sen/e to atomize a liquid raw material, ag.. liquid OMCTS or a mixture of liquid OMCTS and one 
or more liquid dopants. In particular, in accordance with these aspects of the invention, the liquid raw material is 
subjected to shear forces as it passes through a restriction zone Ibrmed by flats. Preferably, tiie passage which car- 
ries the liquid raw material has a cross-sectional area which decreases as tiie raw material approaches the restric- 
tion zone and a cross-sectional area which inaeases after the raw material has passed through ttie restriction 

26 zona Such Changes in cross-sectional areas can be achieved tv, for exampia tapering o^ 

faces which define the passage. In addition to tiie restriction zone, the passage canrying the liquid raw material 
preferably merges with a passage canning gas, ag.. a passage carrying oxygen, downstream of the restriction 
zone to further enhance tiie atomization of tiie liquid raw material. 

In comparison to orifices, flats have tiie advantage of being able to achieve atomization for low flow rates of a 

30 liquid raw material, ag.. flow rates less than about 10 grams/ifninute. 

(4) To minimize soot deposition on the face of the burner, it has been found tiiat tiie passage which provides soot 
producing raw material(s) to the bumer flame needs to extend beyond the face of the burner. Preferably, tills pas- 
sage is the center passage of tiie burner and tiie passages surrounding tiie center passage, which canry fuel and 

S6 oxygen, are angled towards the center passage to further reduce soot build up on the burner fece. 

(5) TTie burners are sealed to tiie crown of the furnace so as to substantially completely eliminate inspiration of air 
into tiie furnace at tiie locations of the burners. Preferably, inspiration is completely eliminated although in some 
cases, minor amounts of leakage of eur at the crownA)urner interface can be tolerated without encountering the var- 

40 ious problems discussed above which result from large amounts of air passing through a bumer hda 

(6) Cooling of such sealed burners is accomplished by tiie flow of gases through tiie burner. In particular, oxygen 
is flowed tiirough the outermost passage of the burner where tiie greatest amount of heat transfer from the crown 
occurs. In addition, tiie burner can be equipped witii an external air cooled jacket to further reduce its internal oper- 

46 ating temperature. 

(7) The bumer has completely separate passages for fuel (ag.. metiiane. natural gaa hydrogen, etc.) and oxygen 
so that the mixing of fuel and oxygen does not occur until after these materials have exited the txirner face, thus 
eliminating tiie possibility of flashback. That is. the burner of tiie invention uses "nozzle mixing" of the fuel and oxy- 

so gen rather tiian "premixing" of tiiese materiaJa 

[001 7] By means of these features, the invention provides improved burners which are economical to build, use, and 
sen^e. and which allow for more efficient and controlled production of fused silica boulea 

55 
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BRIEF DESCRiPTIQN OF THE DRAWINGS 
[0018] 

5 Figure 1 1s a schematic drawing of the front face of a prior art burner for producing silica soot 

Rgure 2 is a schematic side view of a prior art burner showing the spaced relationship between the burner and the 
furnace aown. 

Rgure 3 is a schematic side view of a burner constructed in accordance with the present invention showing the 
sealed relationship between the burner and the furnace crown. 
10 FHgure 4 is a cross-sectional view of a first embodiment of the nozzle portion of the burner of Figure 3. 
Rgure 4A shows the face of the burner of Rgure 4. 

Rgure 5 is a cross-sectional view of the manifold portion of the burner of Figure 3. 
Rgure 6 is a cross-sectional view of an internal atomizer coistructed in accordance with the invmtion. 
Rgure 7 a cross-sectional view along lines 7-7 in Rgure 6. 
IS Rgure 8 Is a cross-sectional view along lines 8-8 In Rgure 6. 
Rgure 9 is a cross-sectional view along lines 9-9 in Rgure 6. 

Rgure 1 0 is a cross-sectional view of a second embodiment of the nozzle portion of the bumer of Rgure 3. 
Figure 10A shows the face of the bumer of Rgure 10. 

Rgure 1 1 is a crosspsectional view of a third embodiment of the nozzle portion of the bumer of Rgure 3. 
20 Rgure 1 2 is a schematic diagram illustrating the use of an air cooled jacket to reduce the burner's internal operating 
temperatura 

Rgure 1 3 is a cross^sectional view of an alternate internal atomizer constructed in accordance with the invention. 
Rgure 14 is a cross-sectiona] view along lines 14-14 in Figure 13. 

25 [0019] TTie foregoing drawings, which are incorporated in and constitute part of the specification, illustrate the pre- 
ferred embodiments of the invention, and together with the description, sen^e to explain the principles of the invention. 
It is to be understood, of course, that both the drawings and the description are explanatory only and are not restrictive 
of the invention. 

[0020] The reference nun'dbers used in the drawings correspond to the following: 

30 





1-6 


flow arrows 




7 


previously used soot prxxiucing burner 




8 


front face of prenously used soot producing burner 




10 


fume tube of previously used soot producing bumer 


35 


12 


inner shield of previously used soot prcxiucing burner 




14 


premix ring of previously used soot producing burner 




16 


prenrtix ring of previously used soot produdng burner 




18 


outer shield of previously used soot producing burner 




20 


furnace crown 


40 


22 


outer face of furnace crown 




24 


gap between previously used soot producing burner and furnace 




26 


burner hole 




28 


feed line 




30 


feed line 


45 


32 


feed line 




34 
36 


line for cooling water 
line for cooling water 




38 


bumer flame 




40 


bumer of present invention 


SO 


42 


manifold portion of burner 40 




44 


nozzle portion of bumer 40 




46 


chamfered surface of nozzle 44 




48 


restriction zone 




50 


fiats 


55 


52 


spaces formed by flats 50 




54 


restriction rod 




56 


flats 




58 


spaces formed by flats 56 
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60 


air cooled jacket 


62 


air Inlet of air coolecl jaci<et 


64 


air outlet of air cooled Jacket 


66 


Internal plenum of air cooled jacket 


68 


external plenum of air cooled jacket 


70 


air flow arrow 


72 


annular ring for atomization 


74 


burner axis 


101-106 


entrance ports 


201>206 


passages 


301-306 


tubes 


403-406 


drilled apertures 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021 ] As discussed above, the present invention relates to improved burners for use in producing fi^ed silica boules. 
Rgure 3 is a schematic drawing showing the overall construction of such a burner. As shown therein, burner 40 includes 
manifold portion 42 and nozzle portion 44. The nozzle portion forms a seal with crown 20 at chamfered surfoce 46. 
[0022] Manifold portion 42 has six entrance ports fbr receiving processing gases, fuel, and the raw material(s) which 
forms the soot As shown in Figure 5, the bwner includes six tubes which by means of the tube-in-tube construction 
form six passages for canrying the gases, fuels, and raw materials (collectively, the "source materials"). UMb 1 sets 
forth the conrespondence between the source materials, the entrance ports, the passages, and the tubes. 
[0023] Figures 6-9 illustrate the use of a restriction zone 48 formed by flats 50 on the outer surfece of tube 301 to 
apply shear to the liquid raw material flowing in passage 202. For OMCTS, the spaces 52 between the outer surface of 
tube 301 and the inner surface of tube 302 at the restriction zone can, for example, have a maximum thickness of 0.005 
Inches (0.13 mOlimeters). All otiier dinnensions being held constant tiie use of more or less flats will respectively 
decrease or increase this maximum thickness. Using routine experimentation, persons skilled In the art can readily 
determine a suitable number of flats for any particular application of the invention. 

[0024] As also shown in Rgures 6-9, ttie cross-sectional area of passage 202 deaeases as tiie liquid raw material 
approaches tiie resta-iction zone and then increases after the raw niaterial has passed through the restriction zone. As 
shown in Figure 6, ttiese decreases and increases In cross-sectional area can be achieved by provkling tiie outer sur- 
face of tube 301 and ttie inner surface of tube 302 witti tapers which begin at different tocations and have different taper 
angles. For example, the outer suriace of tube 301 can begin tapering closer to the face of the burner and can have a 
taper angle of, for example. S"" while the inner surfece of tii)e 302 can begin tapering farther from the burner face and 
can have a taper angle of, for example. S^A"". In tfiis way. tiiese surfaces converge before the restriction zone and 
diverge after that zona Other taper configurations can, of course, be used in tiie practice of the invention. For example, 
the outer surface of tube 301 can have a taper angle of 4"* when used wrtti ttie embodiment of Figure 1 1 . 
[0025] Rgures 6-9 also illustrate (1) tiie merger of passage 202 with passage 201 dowvnsta-eam of the restriction zone 
and (2) the use of a restriction rod 54 to reduce ttie cross-sectional area of passage 202 after the merger and to also 
reduce tiie cross-sectional area of passage 201 prior to tiie merger The use of this restriction rod in combination witii 
the merger of passage 201 witti passage 202 further enhance the atomization of ttie liquKi raw material. In particular, 
ttie merger and ttie restriction rod enhance atomization tiirough ttie appltoation of relatively high pressure to ttie 
droplets of liqukJ raw material created at tiie restriction zone. 
[0026] Ottier configurations for restriction zone 46 Include tiie following: 

(1) Rattier than using fiats 56, tube 301 can be positioned relative to tube 302 to form a thin annular ring which 
serves to atomize ttie liquid raw material. This approach is illustrated in Figures 13 and 14. where tiie annular ring 
is identified In Figure 1 4 by the reference number 72. A suitable ttiickness for such an annular ring is approximately 
0.004 Inches (0.1 millimeters). Such a ttiickness can be readily achieved by retracting tube 301 relative to tube 302 
by about 3/64 of an inch (12 millimeters). 

(2) The passages which carry the liquid raw material and tiie atomizing oxygen can be reversed, ag., passage 201 
can can'y ttie liquid raw material and passage 202 can can'y ttie oxygen. In ttiis case, flats 56 serve to reduce ttie 
cross-sectional area of passage 202 and. along witti ttie taper on the inner surface of tube 302, serve to gukle tiie 
oxygen into the stream of liquid raw material so as to break tiie stream Into droplets. 

(3) Variations (1) and (2) can be combined. I.e., tiie flats can be removed and ttie passages whfoh cany tiie liquid 
raw material and the atomizing oxygen can be reversed. 

[0027] Rgures 4 and 4A sliow ttie nozzle portion of burner 40 downstream of restriction zone 48. To reduce the cross- 
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sectional area of passage 206, tube 305 includes flats 56. The spaces 58 between the outer surface of tube 305 and 
the inner surface of tube 306 formed b/ these flats can, for example, have a maximum thickness of 0.01 indies (0.25 
millimeters). As with flats 50. the use of more or less flats will respectively decrease increase this maximum thick- 
ness. Using routine experimentation, persons skilled in the art will readily be able to determine a aiitable number of flats 
5 for any particular application of the invention. 

[0028] Figures lOand lOAshowavariationof Rgures4and4Awherelnpassage203hasbeenomitted. Correspond- 
ing changes are made to the manifold portion of the tum&r (not shown). 

[0029] Rgure 1 1 shows a further variation In which passage 202 extends beyond the face of the burner and passages 
203. 204, 205. and 206 are angled towards passage 202 to fully develop (streamline) the gas flows exiting the burner 
10 face and thus improve tiie humor's flame characteristics. The amount of extension of passage 202 beyond the face of 
the txirner will depend upon the particular application of the invention. In general, this extension will be about 0.25 
inches (6.4 millfmeters). 

[0030] As can be seen in Rgure 1 1 . passage 204 nan^ows as it approaches the face of tiie burner, while passage 205 
widens. The inclination of the inner aiK\ outer surfaces of tubes 302. 303, 304. 305. and 306 relative to tiie burners axis 
IS is set forth In Table 2. The values given in this table are for natural as tiie fuel and OMCTS as tiie silioon-containing 
raw material. Different angles may be required for ottier fuels and source materials. Based on the disclosure herein, the 
particular angles and dimensions to be used for any particular application of the invention can be readily detenrmied tyy 
those skilled in the art i^'ng routine experimentation. 

[0031] Rgure 1 1 also illustrates the use of drilled apertures 403, 404, 405, and 406 to form portions of passages 203. 
20 204, 205, and 206, respectively. These apertures facilitate the manufacture of the various tubes making up the burner 
ttirough a combination of drilling the apertures and machining the tube surfaces to achieve the desired part configura- 
tions. 

[0032] AHhough not shown in Rgure 1 1 , tiie atomization apparatus of Rgures 6-9 or the variations thereof discussed 
above can be incorporated in this burner in tiie same manner as it is Incorporated in tiie burners of Rgures 4 and 10. 
25 On the other hand, the burner of Rgure 1 1 , as well as those of Rgures 4 and 10. can be used without an internal atom- 
izer. In such a case, the soot producing material. e,g., OMCTS, is provided to entrance port 102 in vaporized form, 
optionally ntixed witti, for example, nitrogen, from which it passes to the face of the bumer tfvou^ passage 202. 
Entrance port 101 and tube 301 are then not included as part of the burner. 

[0033] Rgure 12 illustrates flie use of an external air cooled jacket 60 for providing additional codling to the bumer in 

30 cases where the internal flow of gases tiirough the bumer is riot sufficient to ke^ the k)umer*s internal operating iem- 
perature at a desired value. Air cooled jacket 60 has an air inlet 62 which is connected to an internal plenum 66: It also 
has a series of air outiets 64 which are connected to external plenum 68. The cross-sectional area of the external ple- 
num is preferably greater than the cross-sectional area of tiie intemal plenum to accommodate tiie inaease in volume 
of the cooling air as it is heated by contact with the outer surface of tut>e 306. 

35 [0034] Rgure 1 2 also illustrates the mating of the bumer of Rgure 1 1 witii the furnace's aown. Since tiie frorrt end of 
the nozzle of this bumer is already slanted, a chamfer ts not required to provide a suitable surface for sealing engage- 
ment with burner hole 26. It should be noted that the burner of Rgures 1 1 and 12. as well as those of Rgures 4 and 10. 
are self-aligning with respect to burner hole 26. This feature provkies more efficient fiimace assembly compared to tiie 
prior art kxjrner of Rgures 1 and 2 which had to be aligned with the burner hole. Also, impingement of the bumer flame 

40 on the walls of tiie burner hole is less likely with the kxjmers of the invention than witii the previously used bumers. 
[0035] The burner of Rgures 1 1 and 1 2 was tested using the f tow rat^ and source material temperatures set forth in 
Table 3. Room temperature air was suii^lied to air cooled jacket 60 at a rate of 15 cubic feet per hour. A thermocouple ■ 
was mounted to tiie face of tube 306 and recorded temperatures in ttie range of 350-400''C during operation of the 
burner. These temperatures are weO within the operating range of a kxjrner constructed of, for example, stainless steel 

46 and are suitable for use witii OMCTS as tiie liqukJ raw material. With tube 302 extending beyond the face of the bumer 
and wHh O2 flowing in passage 203. essentially no build up of soot ori the face of the bumer was observed. Soot buiki 
up. however, was observed when either of these preferred feature of the burner was orrtitted. 
[0036] A glass boule was prepared using vaporized OMCTS in a nitrogen carrier and the apparatus of Rgures 1 1 and 
12. The flow rates used are shown in Table 4. The bumer was found to work successfully in all respects and to produce 

50 high quality glass. 

[0037] Various materials can be used to consbuct the burners of the present invention. For example, manifbkl 42 can 
be constructed of aluminum, tube 306 of Rgures 4 and 10 can be made of a refractory material, ag.. alumina, tube 306 
of Rgures 1 1 and 12 can be made of stainless steel, and all other tubes can likewise be made of stainless steel. Other 
materials can, of course, be used in the practice of the Invention. 
65 [0038] Altiiough prefened and other embodiments of the invention have been described herein, furtiier embodiments 
may be perceived by those skilled in the art without departing from the scope of the invention as defined by the following 
claims. 
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TABLE 1 



5 


Source Material 


Row Arrow 


Entrance Port 


Passage 


Passage Cross-Sec- 

uuncu rvea in invnos 


Tid>es Which Define 
Passage 




O2 


1 


101 


201 


0.0034(0.02) 


Inner surface of 301. 


10 


Liquid raw material, 
e.g.. OMCTS 


2 


102 


202 


0.0034(0.02) 


Inner surfece of 302 
and outer surface of 
301. 


IS 


O2 or an inert gas, 
e.g., argon^ 


3 


103 


203 


0.015 (0.09) 


Inner surface of 303 
and outer surface of 
302. 






4 


104 


204 


0.037 (0.24) 


Inner surface of 304 
and outer surface of 
303. 


SO 


Fuel, ag., natural 
gas, methane, or 
hydrogen^ 


5 


105 


205 


0.05 (0.32) 


Inner surfece of 305 
and outer surface of 
304. 


2S 


O2 


6 


106 


206 


0.098(0.63) 


Inner surface of 306 
and outer suriiace of 
305. 



^TTie values for cross-sectional area are calculated at the burner face exc^t for passage 201 where the cross-sectional area 
is calculated at lines 8-8 or 9-9 in Figure 6. The cross-sectional area of passage 202 represents the area with restrictton rod 
56 in place, i.e., it represents the cross-sectional area at Rnes 7-7 in Figure 6. 

^e use of an inert gas as flow 3 tends to delay combustion and thus move the burner's flame away from the buner's face 



$0 which may be advantageous for some applications. 

^The crossr-sectional area of passage 205 is adjusted depending on which fuel is used. In particular, hydrogen requires a 
larger cross sectional area than methane or natural gas, e^i., twice the cross-sectional area. 



55 



TABLE 2 



Surface 


Inclination Angle a"* 


Inner surface of tube 302 


3.5"* to the right of the burner face; O"" to the left of the burner face. 


Outer surface of tube 302 


4« 


Inner surface of tube 303 


4' 


Outer surface of tube 303 


6.5» 


Inner surface of tube 304 


8* 


Outer surface of tut)e 304 


10' 


Inner surface of tube 305 


8» 


Outer surface of tube 305 


10* 


Inner surface of tube 306 


10* 


Outer surface of tube 306 


15** 



55 ^ Measured with respect to the burners axis 74 shown in Figure 1 1 . The angle a equals 90'' minus the 

angle p shown in Figure 1 1 . 
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TABLES 



Source Material 


Passage 


Source Material Flow 
Rate 


Source Material Temper- 
ature CO) 


Oz 


201 


7slpm 


15 


OMCTS 


202 


6.5 g/min 


15 


Oz 


203 


lOslpm 


15 


02 


204 


20slpm 


15 


Natural Gas 


205 


20 slpm 


15 


02 


206 


208|pnn 


15 



TABLE 4 



Source Material 


Passage 


Source Material Row 
Rate 


Source Material Temper- 
ature CC) 


OMCTS 


202 


6.5 g/rnin 


175 


N2 


202 


5slpm 


175 


02 


203 


10 slpm 


15 


O2 


204 


20 slpm 


15 


Natural Gas 


205 


20 slpm 


15 


O2 


206 


20s(pm 


15 



35 Claims 

1. A burner for producing silica soot from a plurality of source nraterials which comprise a silicon-containing source 
material, fuel, oxygen, and optionally an Inert gas. said burner having a tximer face and a tut3e-in-tube construction 
which defines a plurality of passages for canryirig flows of source materials to the bumer lace, said burner conpls- 
40 ing: 

(a) a first entrance port which provides one of oxygen and the silicon-containing source material to the bumer, 
said first entrance port being connected to a first passage defined by a first tut>e, said first passage extending 
from the first entrance port towards the burner face; 
46 (b) a second entrance port which provides the other of oxygen and the silicon-containing source material to the 

bumer. said second entrance port being connected to a secomj passage defined by the first tube and by a sec- 
ond tube, said second passage extencfing from the second entrance port towards the burner face; 

(c) a third entrance port which provides oxygen or an inert gas to the bumer. said third entrance port being con- 
nected to a third passage defined by the second tube and by a third tube, said third passage extencGng from 

50 the third entrance port towards the burner face; 

(d) a fourth entrance port which provides oxygen to the bumer, said fourth entrance port being connected to a 
fourth passage defined by the third tube and by a fourth tube, said fourth passage extending firom the fourth 
entrance port towards the txjrner face; 

(e) a fifth entrance port which provides fuel to the burner, said fifth entrance port being connected to a fifth pas- 
55 sage defined by the fourth tube and by a fifth tube, saki fifth passage extending from the fifth entrance port 

towards the bumer face; and 

(0 a sixth entrance port which provides oxygen to the burner, said sixth entrance port k>eing connected to a 
sixth passage defined fcyy the fifth tube and by a sixth tube, said sixth passage extending from the sixth entrance 
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port towards the burner face; 

wherein the sixth tube surrounds the fifth tube which sunrounds the fourth tube which sun^ounds the third tube 
which surrounds the second tube which surrounds the first tube. 

2. The burner of Ciaim 1 wherein at least one of the tubes comprises flats for reducing a transverse cross-secdonai 
area of a passage. 

3. The burner of Claim 1 wherein the second entrance port provides the silicon-containing source material to the 
burner, the silicon-containing source material is a liquid, and the second passage comprises a restrictbn zone for 
atomizing the liquid, said restriction zone being located between the second entrance port and the burner toca 

4. The burner of Claim 3 wherein the restriction zone comprises flats fbmried on at least one of the first and second 
tU>es. 

5. The burner of Claim 3 wherein the restriction zone comprises an annular ring of reduced cross-sectional area 
fonned by a taper on at least one of the first and second tubes. 

6. The bumer of Claim 3 wherein the second passage has a transverse cross-sectional area which increases both in 
a direction from the restriction zone towards the second entrance port and in a direction from the restriction zone 
towards the bumer f^e. 

7. The burner of Claim 6 wherein at least one of the first and second tubes comprises a taper which produces said 
increases in transverse cross-sectional area. 

a The bumer of Qaim 3 wherein the first and second passages merge at a location between the restriction zone and 
the bumer face. 

9. The burner of Claim 8 further comprising a restriction rod which reduces at least one transverse cross-sectional 
area of the first passage and at least one transverse cross-sectional area of the merged first and second passages. 

10. The bumer of Ciaim 1 wherein the second tube extends b^nd the face of the burner. 

1 1 . The burner of Claim 1 0 wherein the flows of source materials canied by the third, fourth, fifth, and sixth passages 
are angled towards the second tube at the bumer face. 

12. The bumer of Claim 1 wherein the sixth tube has an outer surface which comprises an angled portion fdr sealing 
engagement with a bumer hole formed in a crown of a fumace. 

13. The burner of Claim 1 wherein the sixth tube has an outer suriace and the burner further conprises an air cooled 
Jacket which sunxMjnds at least a portion of said outer surftioe. 

14. The bumer of Claim 1 wherein the fifth passage is isolated from the fourth and sixth passages so that fuel and oxy- 
gen do not mix within the burner. 

15. A method for making a fused silica glass oomprising: 

(a) providing a furnace crown having at least one bumer hole; 
03) providing a burner according to Claim 1 ; 

(c) sealing the bumer to the at least one burner hole; 

(d) providing one of oxygen and a silicone-containing source material to the burner's first entrance port; 

(e) providing the other of oxygen and a silicon-containing source material to the bumer's second entrance port; 

(f) providing oxygen or an inert gas to the burner's third entrance port; 

(g) providing oxygen to the burner's fourth entrance port; 
^) providing fuel to the burner's fifth entrance port; and 
(i) providing oxygen to the burner's sixth entrance port. 

16. The method of Qaim 15 wherein oxygen is provided to the burner's third entrance port in step (f). 
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17. A burner for producing silica soot from a plurality of source materials which comprise a siOoon-oontaining source 
material in vapor form, fuel, oxygen, and optionally an inert gas, said burner having a burner fece and a tutienn- 
tiA>e corretruction which defines a plurality of passages for carrying flows of source materials to the burner face, 
said burner comprising: 

5 

(a) a first entrance port which provides the silicon-contairang source material to the burner, said first entraive 
port being connected to a first passage defined the first tube, said first passage extencfing from the first 
entrance port towards the kximer face; 

(b) a secoid entrance port which provides oxygen or an inert gas to the burner, said second entrance port 
10 being connected to a second passage defined by the first tube and Isy a second tube, said second passage 

extencfing from the second entrance port towards the tximer face: 

(c) a third entrance port which provides oxygen to the burner, said third entrance port being connected to a 
third passage d^ned by the second tut>e and by a third tube, said third passage extending from the third 
entrance port towards the tximer face; 

15 (d) a fourth entrance port which provides fuel to the burner, said fourth entrance port being connected to a 

fourth passage defined by the third tube and by a fourth tuk>e, said fourth passage extending from the fourth 
entrance port towards the burner face; and 

(e) a fifth entrance port wfiich provides oxygen to the burner, said fifth entrance port being connected to a fifth 
passage defined by the fourth tube and by a f rflh tube, sakJ fifth passage extending from the fifth entrance port 
20 towards the tximer face; 

wherein the fifth tube sun^ounds the fourth tube which surrounds the third tube which surrounds the second 
tube which surrounds the first tube. 

18w The bumer of Claim 17 wherein at least one of the tubes comprises flats for reducing a traiisverBe cross-sectional 
25 area of a passage. 

19. The burner of Claim 17 wherein the first tube extends beyond the face of the burner. 

2a The burn^ of Gaim 1 9 wherein the flows of source materials carried by the second, third, fourth, and fifth passages 
30 are angled towards the first tube at the bumer face. 

21. The bumer of Claim 17 wherein the fifth tube has an outer surface wfiich comprises an angled portion for sealing 
engagement with a burner hole formed in a crown of a furnace. 

35 22. The burner of Claim 17 wherein the fifth tube has an outer surface arxJ the bumer further comprises an air cooled*' 
jacket which surrounds at least a portion of said outer surface. 

23. The burner of Claim 17 wherein the fourth passage is isolated from the third and fifth passages so that fuel and 
oxygen do not mix within the bumer. 

40 

24. A method of making a fused silica glass comprising: 

(a) providing a furnace crown having at least one burner hole; 
^) provkJing a burner according to Claim 17; 
45 (c) sealing the bumer to the at least one burner hole; 

(cO provkiing a silicon-containing source material in vapor form to the burner's first entrance port; 

(e) provkJing oxygen or an inert gas to the burner's second entrance port; 

(f) providing oxygen to the burner's third aitrance port; 

(g) provkiing fuel to the burner's fourth entrance port; and 
50 Q\) provkiing oxygen to the burner's fifth enfrance port. 

25. A burner comprising a plurality of concerrtric tubes, sakJ tubes defining a plurality of passages, at least one of sakJ 
tubes comprising flats for reducing a cross-sectional area of a passage. 

55 26. A burner comprising a plurality of concerrtric tubes, saki tubes defining a plurality of passages, at least one of sakJ 
passages comprising a restriction zone for atomizing a Uquki source material flowing in saki passage. 

27. The burner of Qaim 26 wherein the restriction zone comprises flats on at least one of the tubes which defines saki 
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at least one passage. 

28- The burner of Qalm 26 wherein the restriction zone comprises an annulus of reduced cross-sectional area pro- 
^ duced by a taper on at least one of the tubes which defines said at least one passage. 

29. The burner of Claim 26 wherein said passage has a transverse cross-sectional area which increases both in a 
direction upstream from the restriction zone and in a direction downstream from the restriction zona 

30. The burner of Claim 29 wherein at least one of said tubes comprises a taper which produces said increases in 
10 transverse cross-sectional area. 

31. The burner of Claim 26 wherein said at least one passage merges with another passage downstream of saki 
restriction zone to form a merged passage. 

IS 32. The burner of Claim 31 further conprising a restriction rod which reduces at least one transverse cross-sectional 
area of said at least one passage and at least one transverse cross-sectional area of said merged passage. 

33. A burner ior producing silica soot, said burner having a burner face and comprising a plurality of concentric tubes, 
said tii}&& defining a plurality of passages, wherein one of the tubes extends beyond the fece of the burner and at 

so least some of the remaining tubes are angled towards said one tube at the burner face. 

34. A furnace for produced fused silica comprising a crown and a plurality of soot producing burners wherein the soot 
producing burners are sealed to the crown. 
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le Claims: 1-24 

A burner (see claim 17) suitable for producing silica soot 
comprising at five tubes of tube-in-tube construction and 
five corresponding entry ports and passages extending 
towards the burner face and methods (see claim 24) for 

S reducing said soot using the burner* Claim 1 defines a 
umer similar to that of claim 17 » only comprising six 
tubes, ports and passages and» similarly, a method (see 
claim 15) of using the burner. 



Z. Claim : 25 

Any burner conq)r1s1ng a plurality of concentric tubes and 
corresponding passages directed to one having at least one 
tube comprising "flats" for reducing the cross-sectional 
area of Its passage. 



3e Claims: 26-32 

Any burner comprising a plurality of concentric tubes and 
cooresponding passages directed to one having at least one 
passage comprising a restriction zone suitable for atomizing 
a liquid feed. 



4. Claim : 33 

A burner suitable for producing silica soot conprising a 
plurality of concentric tubes and corresponding passages 
directed to one having one tube extending beyond the burner 
face and some other tubes angled towards said extending tube 
at said face. 



5. Claim : 34 

A furnace suitable for producing fused silica conprising a 
crown and a plurality of burners suitable for producing soot 
directed to a seal between said burners and crown. 
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